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1. Introduction 

 Cellular Neural Networks (CNN) was introduced by L. O. Chua and L. Yang in 1988 [1]. The idea of CNN 

was inspired from the architecture of the cellular automata and Neural Network. CNN consists of analog 

circuit and it is capable of high-speed parallel processing. CNN has local connectivity property and its 

structure resembles the retina of human. Hence, CNN has been successfully used for various high-speed 

parallel signals processing applications such as image processing, pattern recognition and so on [2]. The 

performance of CNN depends on the parameters which is called the template. The template represents strength 

of connection between cells. If the template influences exactly, CNN can perform complex processing. In 

image processing of CNN, it is difficult to process complex parts of the input image; edge, background, etc. In 

this study, we propose a CNN method of switching two templates by using the maximum and the minimum 

output values surrounding the center cell. We apply the proposed method to some image processing and 

investigate its performance.  

2. Cellular Neural Networks [1] 

Basic unit circuit of CNN is called cell. The cell consists of linear element 

and nonlinear element. CNN contains an array in a reticular pattern of many 

cells. In image processing of CNN, processing is conducted by making one 

cell to one pixel in the image data. We show a two dimensional array 

composed of M × N identical cells arranged in M rows and N columns. The 

array of CNN and the circuit of cell are shown in Fig. 1. 

A cell couples with only adjacent cells. State and output equations of cell 

are described as follows. 

State equation 

𝑑𝑣𝑥(𝑖𝑗)

𝑑𝑡
= −𝑣𝑥(𝑖𝑗) + ∑ ∑ 𝐴(𝑖,𝑗;𝑘,𝑙)𝑣𝑦(𝑘𝑙)(𝑡)
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+ 𝑇.                                (1) 

Output equation 

𝑣𝑦(𝑖𝑗)(𝑡)

=
1

2
(|𝑣𝑥(𝑖𝑗)(𝑡) + 1|

− |𝑣𝑥(𝑖𝑗)(𝑡)

− 1|).                                                                                             (2) 

In Eq (1), A, B and T are feedback template, feed forward template and threshold.  

3. Proposed method 

 The feature of the proposed method is switching two templates by 

using the maximum and the minimum output values (𝑣𝑦𝑚𝑎𝑥 : cell’s 

maximum output value, 𝑣𝑦𝑚𝑖𝑛 : cell’s minimum output value) 

surrounding the center cell. The concept of the proposed method is 

shown in Fig. 2. The algorithm of the proposed method is described 

as follows. 

Step 1 )  First, decide the center cell. Then, find the 𝑣𝑦𝑚𝑎𝑥, and   

Fig.1  The structure of CNN. 

mailto:yyy@tokushima-u.ac.jp


4th International Forum on Advanced Technologies 
March 8th-9 th, 2018,Tokushima, Japan 
 

𝑣𝑦𝑚𝑖𝑛 from the n × n neighborhood. 

Step 2 )  Secondly, determine if the center cell has the maximum  

or the minimum output value. 

 

Step 3 )  In case that the center cell has the maximum or the minimum output value, center cell is applied 2nd 

template. In the other case, center cell is applied 1st template.  

These steps are applied to all cells and repeated every 0.005 [τ].  

4. Simulation result 

 We show simulation result of texture analysis and using templates are described as follows [3]. 

  

𝐴 = [
0.86 0.94 3.75
2.11 −2.81 3.75

−1.33 −2.58 −1.02
], B = [

0.16 −1.56 1.25
−2.89 1.09 −3.2
4.06 4.69 3.75

], 𝑇 = 1.8. 

 

𝐴 =

[
 
 
 
 

4.21 −1.56 1.56 3.36 0.62
−2.89 4.53 −0.23 3.12 −2.89
2.65 2.18 −4.68 −3.43 −2.81
3.98 1.56 −1.17 −3.12 −3.2

−3.75 −2.18 3.28 2.19 −0.62]
 
 
 
 

, 𝐵 =

[
 
 
 
 

4.06 −5 0.39 2.11 −1.87
3.9 0.31 −1.95 4.84 −0.31
0 −4.06 0.93 −0.31 0.46

−0.62 −5 2.34 0.62 −1.87
3.59 −0.93 0.15 2.81 −1.87]

 
 
 
 

,  

𝑇

= −5.                                                                                                                             
   

 

 

 

 

Figure 3 shows the input image and simulation results by using only 3 × 3 template, only 5 × 5 template, 

the proposed method. We define that 1st template is the “3 × 3 Texture analysis” template and 2nd template is 

the “5 × 5 Texture analysis” template. In Fig. 3(d), the boundary of the region is clear and the texture content 

is characterized different. In the proposed method, two templates are applied to cells according to the features 

of texture content. 

5. Conclusion 

In this study, we have proposed a CNN method. In the proposed method, two templates are switched by using 

the maximum and the minimum output values containing the center cell in the neighborhood. We applied the 

proposed method to texture analysis. From the simulation results, the proposed method could apply two 

templates to each cell by the features of texture content. In the future works, we would like to investigate the 

performance of the proposed method for another image processing. 
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